Long-run unbiasedness is tested between forward exchange markets of four Asian countries -Hong Kong, Japan, Malaysia and Singapore -vis-à- 
1. The concept of market efficiency followed here draws heavily on Fama [1970] who defines an efficient market as one in which prices always fully reflect available information. 2. Testing unbiasedness is also viewed as an indirect test of uncovered interest parity because it relies on a maintained hypothesis of covered interest parity. On the other hand, a direct test of uncovered interest parity is conducted using data on both foreign exchange and interest rates 〈see, for example, Bhatti and Moosa, [1995] 〉. 3. Enormous empirical work has also been conducted to rationalise the failure of the hypothesis. This includes work using survey data on expectations 〈see, for example, Frankel and Froot, [1990] ; and Cavaglia et al, [1994] 〉 to examine if the failure of the hypothesis can be attributed to irrationality or to risk premia or to some combination of both, applying filter rules 〈see, for example, Dooley and Shafer, [1983] ; and Levich and Thomas, [1993] 〉 to examine if the expectations about exchange rates are rational, developing various models 〈Fama, [1984] ; Wolff, [1987] ; Peel, [1993] ; and Miles, [1993] 〉 to examine if the failure of unbiasedness can be attributed to the presence of risk premia and identifying the factors accounting for the bias in the forward exchange rate 〈see, for example, MacDonald, [1985] ; Korajczyk, [1985] ; Pittis, [1992] ; and Bachman, [1992] 〉. For a comprehensive survey of these and other aspects of the hypothesis 〈see Bhatti [1995] , pp. 120-69 and Moosa and Bhatti [1997], pp. 82-93; 270-78〉. re s e a r chers, among others, Fama [1984] , Taylor [1988] and Zietz and Homaifar [1994] , tested the hypothesis by examining if the forward premium is an unbiased predictor of the market's expectations of the future rate of change of the spot exchange rate. Finally, studies conducted, inter alia, by Geweke and Feige [1979] , Hsieh [1984] , MacDonald and Taylor [1991] and Ligeralde [1994] tested single-and multi-market efficiency by examining whether the forward markets around the world are efficient in isolation or in a joint system they constitute. A general conclusion that emerges fro m empirical research in all the directions is that unbiasedness does not hold.
4
It is worth noting that most of the above studies investigated unbiasedness in forward exchange markets of major industrial countries, with only little attention focused on those developed in some Asian countries. The objective of this paper is to test single-and multi-market unbiasedness in forward exchange markets of the four Asian countries -Hong Kong, Japan, Malaysia and Singapore -by employing the Johansen [1988] maximum likelihood cointegration test. The remainder of the paper is organised as follows. Section II gives a brief description of the hypothesis and model specification used to test single-and multi-market unbiasedness in for w a r d exchange markets. Section III deals with the data sources, methodology and empirical results. Concluding remarks are presented in the final section.
II. The Hypothesis and Model Specification
The unbiasedness hypothesis posits that in per fectly competitive and i n f o r mationally efficient markets for forw a r d foreign exchange, in which economic agents are rational and risk neutral, the forw a r d premium (forward rate) tends to be an unbiased and an efficient predictor of the market's expected rate of change of the spot rate (expected spot rate). This hypothesis, which is typically derived from covered and uncovered interest parity conditions, is usually represented by the following two model specifications
4. A number of studies, however, do lend some support to unbiasedness 〈see, for example, Frenkel, [1980]; MacDonald, [1985] ; Zietz and Homaifar, [1994]; and Ligeralde, [1994] 〉. 5. For the derivation of these model specifications see Bhatti [1995, pp. 111-12] .
where s t is (the logarithm of) the spot exchange rate, s e t +1 is (the logarithm of) the future spot exchange rate expected to prevail at time t + 1 and ƒ t is (the logarithm of) the forw a r d exchange rate set at time t for delivery at time t + 1. Equations (1) and (2) represent two alternative specifications of the unbiasedness hypothesis: the 'forward premium' and the 'forward rate' specifications respectively.
N o w, if we assume that the market's expectations about the future spot exchange rate are rational, then the spot exchange rate realised at time t + 1 will differ from the expected spot exchange rate by a zero mean, serially uncorrelated error term. Formally, this is represented by (3) into equations (1) and (2), we obtain
where t+1 is the forward forecasting error, which also implies speculative p r ofit which can be made by buying the foreign currency forw a r d at the price ƒ t and selling it spot at the price s t +1 . If t +1 has a mean zero and is serially uncorrelated, then the forward premium (forward rate) turns out to be an unbiased and an efficient forecaster of the expected rate of change of the spot rate (expected spot rate). The model specification suggested here to test unbiasedness in the forw a r d exchange market is re p r esented by equation (5), which is based on level data on exchange rates. There are several benefits of testing unbiasedness using a model specification based on level rather than on differenced data on exchange rates. First, a model using level data on exchange rates is conducive to employing cointegration analysis. Second, a level data model produces estimates converging on the true parameter values at the rate N rather than ÷Ǹ (where N is the sample size) for a differenced data model. 6. See Stock [1987] and Park and Phillips [1988] . F i n a l l y, while stationary series exhibit stochastic correlation with diff e renced data regressors, this problem does not arise when level data are used since the order of integration of a nonstationary regressor dominates that of the stationary risk premium.
It is important to note that unbiasedness is unlikely to hold precisely if market agents are risk averse. Therefore, if we allow for the presence of a non-zero risk premium, t , then equation (5) can be rewritten as follows
Let us assume that the behaviour of a zero risk premium is represented by
where a is the mean value of the risk premium which is assumed to be zero and u t is white noise. Substituting (7) into (6) we obtain
which in an empirically testable form can be written as
where t +1 = t +1 + u t is the error term reflecting the impact of news, and 0 is a constant term reflecting the value of the risk premium as well as other factors such as transaction costs. The forward rate appears to be an unbiased forecast of the future spot rate if the restriction ( 0 , 1 ) = (0, 1) is not rejected. This forecast is also efficient if the residual, t + 1 , contains no information relevant to improve the forecast, such that
The model represented by equation (9) is used to test unbiasedness in a country's forward market in complete isolation from other forward markets. This represents single-market unbiasedness because the assumption underlying this model is that market agents make use of the information contained only in the domestic cur rency forward rate, but not in other currency forward rates, to predict the movements in the future spot rate. But it must be noted that the information contained in other currency forw a r d rates, particularly those of strong currencies, may also help improve the prediction about the future spot rates. However, if market agents fail to improve their predictions about the future spot rates using the information contained in other currency for w a r d rates, then own for w a r d rates will tend to be unbiased and efficient forecasters of the market's expectations of the future spot rates and hence the forward markets around the world tend to be efficient jointly.
7 This is known as multi-market unbiasedness which can be tested by fitting the following regression (10) where f i t represents the domestic currency forward rates and f j t represents other currency forw a r d rates. For single-market unbiasedness of forw a r d rates to exist, the coefficients on the terms f j t should be zero. On the other hand, for multi-market unbiasedness of forw a r d rates to hold the re s t r i ctions 0 = 0, 1 = 1 and j = 0 must not be rejected jointly.
III. Data, Methodology and Empirical Results
Long-run single-and multi-market unbiasedness of forward rates is tested for four Asian currencies 8 -Hong Kong dollar, HD, Japanese yen, JY, Malaysian Ringgit, MR, and Singapore dollar, SD -vis-à-vis the U.S. dollar and the Japanese yen on the basis of equations (9) and (10) re s p e c t i v e l y. For this purpose, monthly, nonoverlapping, data were collected on end of month spot and one-month forw a r d exchange rates covering the period 1985:1-1994:12. All data were obtained from Datastream. The methodology employed for testing unbiasedness in forward markets will be cointegration analysis, which is superior to conventional regression analysis because it produces superconsistent estimates of the re g re s s i o n
Alternatively single-and multi-market unbiasedness of forward rates cannot be rejected if the forward forecasting errors of the home currency are serially uncorrelated not only with their own lagged values but also with the lagged values of the forward forecasting errors of other currencies 〈see, for example, Geweke and Feige, [1979] ; and Hansen and Hodrick, [1980] 〉. 8. One reason for picking up these currencies is that commercial banks in the countries under investigation are free to deal forward in almost all currencies. Moreover, no official forward cover is provided in these countries, except Malaysia in which forward premiums and discounts are roughly equal to those which the commercial banks charge their customers. Although, there are some other Asian countries (e.g. Indonesia) in which forward rates are freely quoted by commercial banks, the data needed is not available for them. (9), to form a cointegrating (long-run) relationship a necessary but not a sufficient condition is that both of the variables are integrated of the same order. If s t + 1 and f t are I(1), then the sufficient condition requires the linear combination thereof to be integrated of order zero (i.e. t + 1~I (0)). However, it must be noted that cointegration is a necessary, but not a sufficient condition, for long-run single-and multi-market unbiasedness to exist in forward markets. The sufficient condition requires the restrictions ( 0 , 1 ) = (0, 1) and ( 0 , 1 , j ) = (0, 1, 0) to be satisfied in equations (9) and (10) respectively.
Testing long-run unbiasedness is carried out on the basis of the Johansen [1988] maximum likelihood cointegration test which is considered to be more powerful than the residual-based cointegration tests on the following grounds. First, its results are invariant with respect to the direction of normalisation. Second, it provides estimates of all cointegrating vectors existing within a system of variables. Third, it allows to test a priori restrictions on the coefficients of the cointegrating vectors imposed by the economic theor y. Finally, it fully captures the underlying time series pro p e r ties of data. The Johansen test is based on the multivariate vector autoregression representation (VAR) of n variables (11) w h e r e Z t is n × 1 vector of I (1) variables, Π 1 , Π 2 , ..., Π k a r e matrices of
For example the Engle-Granger [1987] and the Phillips-Ouliaris [1990] tests.
unknown parameters, is a vector of constants, t is a vector of Gaussian error terms and k is the maximum lag or the order of the VAR. This model can be reparameterised as follows (12) where Γ = − I + Π 1 + Π 2 + ... + Π k and I is the identity matrix. Π is the cointegrating matrix such that ΠZ t = 0 represents long-run equilibrium. An important question which needs to be explained here concerns the rank, r, of the matrix Π, and there are three possibilities. If Π has a full rank matrix (i.e. r = n), any linear combination of Z t variables will be stationary. In the twovariable model represented by equation (9) this can only occur if s t + 1 and f t a r e stationary, which means that the correct model will be in level rather than in first differences. If, on the other hand, Π has zero rank (i.e. r = 0), then any linear combination of Z t variables will be nonstationar y, which means that the variables are not cointegrated and the proper model will be in first differences. Finally, If Π has a less than full rank matrix (0 < r < n) then we can write
where the columns of the n × r matrix are the cointegrating vectors and the columns of the n × r matrix are error-correction coefficients measuring the speed of convergence of the dependent variables towards the long-run equilibrium state. The following are important steps involved in the application of the Johansen technique of cointegration.
(1) Regress ∆Z t and Z t−k on the lagged differences of ∆Z t and a constant as follows (14) (15) ( 2 ) Extract the residuals V 0 t f r om equation (14) and V 1t f r om equation (15). (3) Use the residuals V 0t and V 1t to calculate n-squared canonical correlations (or the eigenvalues) with order 1 > 2 > 3 > > n .
Use the eigenvalues to construct two test statistics for testing the existence of the number of unique cointegrating vectors between Z t v a r iables. The first statistic, known as the maximum eigenvalue (Max) test, evaluates the null hypothesis that there are exactly r cointegrating vectors, and is given by (16) where T is the sample size. The second statistic, known as the Trace test, evaluates the null hypothesis that there are at most r cointegrating vectors, and is given by (17) where r + 1 , r + 2 , ... n is the n − r smallest squared canonical correlations of V 0 t with respect to V 1t . Johansen and Juselius [1990] note that the power of the Tr a c e test is lower than the Max test. In both the cases the null hypothesis is rejected if the calculated value of the statistic is greater than the critical value as tabulated in Johansen and Juselius [1990] .
Before testing single-and multi-market unbiasedness of forward rates for cointegration, unit root tests are first performed to find out if the variables underlying equations (9) and (10) are integrated of the same order. For this purpose, the Phillips-Ouliaris [1990] Ẑ and Ẑ t test statistics are used. 10 The results, which are presented in Table 1 , are consistent in indicating that onemonth forward and corresponding expected spot exchange rates of all currencies against both the U.S. dollar and the Japanese yen are I(1) in levels and I(0) in first differences. Having found all forward and expected spot exchange rates to be integrated of the same order, it is now possible to proceed to testing for cointegration between them. This is carried out on the basis of the Johansen [1988] maximum likelihood test using two test statistics: the M a x and the Tr a c e .
Testing the restrictions implied by single-and multi-market unbiasedness of f o rw a r d rates is carried out on the basis of the pro c e d u r e outlined in Johansen and Juselius [1990] . The results of cointegration and coeff i c i e n t restrictions tests on single-and multi-market unbiasedness of forward rates are presented in Tables 2 and 3. The results of cointegration tests for single-market unbiasedness, as shown in Table 2 , are more supportive for Asian forw a r d rates against the Japanese yen rather than against the U.S. dollar as both the M a x a n d Tr a c e statistics consistently reject the null hypothesis of no cointegration (r = 0) against the alternative of one cointegrating vector (r = 1) between the underlying one-month forw a r d and corresponding future spot rates. M o re o v e r, cointegration of single-market unbiasedness seems to be re l atively more stable in all cases against the Japanese yen, and not against the U.S. dollar, as the null hypothesis of one cointegrating vector (r = 1 ) against the alternative of two cointegrating vectors (r = 2) is also significantly rejected in all cases. On the other hand, the results show that while the null hypotheses of no and one cointegrating vector is rejected by both the M a x and Tr a c e statistics for SD, only the former is rejected by both the statistics for MR. For HD and JY even the null of no cointegration is not rejected consistently by these statistics. Although these empirical re s u l t s a r e supportive of cointegration between forw a r d and future spot rates in almost all cases against both the Japanese yen and the U.S. dollar, this evidence is not sufficient to favour unbiasedness of forw a r d rates because cointegration is a necessary but not a sufficient condition for unbiasedness. The sufficient condition re q u i r es the restriction of single-market unbiasedness, ( 0 , 1 ) = (0, 1), to be satisfied. The results of coeff i c i e n t restrictions test indicate that single-market unbiasedness holds only for t h r ee for w a r d rates (MR, MR/JY and SD/JY). The results of unbiasedness for JY are consistent with those obtained by Lai and Lai [1991] and Copeland [1991 Copeland [ , 1993 who employed the same pro c e d u r e to testing the joint hypothesis of unbiasedness and no-risk premium. Similarly, the results for SD are consistent with those obtained by MacDonald and Ta [1987] but in direct contrast with those obtained by Tse [1986] . These studies tested unbiasedness for Singapore against the U.S. over the peri- Table 3 , are also more supportive for Asian forward rates against the Japanese yen rather than against the U.S. dollar. Moreover, the results of coefficient restrictions test indicate that multi-market unbiasedness holds only for two forward rates (MR/JY and SD/JY).
IV. Conclusion
This paper investigates long-run unbiasedness of one-month forw a r d exchange rates in predicting the corresponding future spot exchange rates within four Asian forward exchange markets -Hong Kong, Japan, Malaysia and Singapore -vis-à-vis the U.S. and Japan. Tests are carried to examine the presence of single-and multi-market unbiasedness in forward markets of the countries under consideration. The results obtained by employing the Johansen maximum likelihood procedure indicate that in three out of seven cases forward rates appear to be unbiased predictors of the market's expectations of the future spot rates. The results also show that unbiasedness holds only in the case of forward exchange markets of Malaysia and Singa- pore not only when these markets are looked at in complete isolation from other Asian markets but also when they are looked at as a joint system.
